INTRODUCTION
The 780-mi 2 study area of this report, also referred to as "the area", is in east-central New Jersey ( fig. 1 ).
It includes Ocean County and a narrow belt along southern Monmouth County containing all of the Toms River and Metedeconk River basins and part of the Manasquan River basin.
Since 1950, the population of Ocean County has grown more rapidly than any other county in the State (Disko and others, 1978) .
Development has increased with population growth. The resulting changes in land use can affect the quality of shallow ground water. Land uses in the area include agriculture, forest, wetland, seaside recreation, park, residential, military, commercial, industrial, and sand and gravel mining.
Ocean County relies on aquifers for all of its potable water (Disko and others, 1978) . Disko and others list three major potential sources of ground-water contamination in Ocean County: Septic systems, landfills and disposal sites, and saltwater intrusion.
Of particular concern is the shallow water-table aquifer, because it is more vulnerable to contamination by man's activities than are the deeper aquifers.
Onsite septic systems are used by about 25 percent of the County's population. The soils in Ocean County are generally sandy, which promotes rapid infiltration and percolation. Well-drained soils such as these may not always be effective in removing bacteria, nutrients, and other materials from septic-tank effluent. Disko and others listed 21 active landfill sites in the County. They also noted saltwater contamination of wells in some coastal areas, including parts of Brick Township, Point Pleasant Beach Borough, and Seaside Heights Borough (pi. 1).
Purpose and Scope
This report presents water-quality data collected during the first phase of a two-phase study by the U.S. Geological Survey in cooperation with the New Jersey Department of Environmental Protection, Division of Water Resources and the Ocean County Planning Board.
Included are data on well construction and chemical analyses of water samples from wells and streams.
The second phase of this study is an analysis of both the data presented in this report and U.S. Geological Survey groundwater-quality data collected for the area prior to August 1981. The second phase also relates water quality of the shallow aquifer to land use and regional ground-water flow, and includes a plan for a ground-water-quality sampling network.
Of a total of 237 wells sampled from August 1981 through June 1982 are in Ocean County, 11 are in Monmouth County, and 1 is in Burlington County.
Four of the wells are outside but close to the study area. Approximately two-thirds of the samples collected were from wells screened in the Kirkwood-Cohansey aquifer system. Samples were also collected from seven streams to ascertain ground-water quality in selected areas.
Site-Numbering System
The numbering system for wells in this report is the one used by the U.S. Geological Survey in New Jersey for the GroundWater Site Inventory data base. The first part of the number is a two-digit county code; the second part is a sequence number of the well within the county.
County codes used are 29 for Ocean, 25 for Monmouth, and 05 for Burlington.
The seven surface-water sites are numbered SW-1 through SW-7. Health. Douglass Rothermel and the staff of the County Board of Health Laboratory analyzed most of the samples collected for this study. Other personnel of the Board of Health assisted in sample collection.
The New Jersey Department of Health, Division of Laboratories and Epidemiology performed nutrient analyses for the samples collected in June 1982. The authors also acknowledge the help of municipal officials, industry representatives, and individuals who provided information and permitted access to wells for the collection of water samples.
HYDROGEOLOGIC FRAMEWORK
The ground-water system within the study area is part of a larger one that underlies the entire New Jersey Coastal Plain (O.S. Zapecza, U.S. Geological Survey, written commun., 1983). The Coastal Plain sediments are composed of alternating sequences of unconsolidated gravel, sand, silt, and clay. These sediments range in age from Cretaceous to Quaternary.
The Coastal Plain deposits generally strike in a northeast-southwest direction and dip gently to the southeast, forming a seaward-thickening wedge. The wedge is approximately 1,100 feet thick at New Egypt in the northwestern part of the area, and 4,800 feet thick at Tuckerton in the southeastern part (based on hydrogeologic maps by Gill and Farlekas, 1976) .
In east-central New Jersey, the unconsolidated deposits of the Coastal Plain unconformably overlie bedrock primarily composed of Precambrian metamorphic rocks. The water-table aquifer in the area is the Kirkwood-Cohansey aquifer system, which is composed of hydraulically connected sediments of the Kirkwood Formation, Cohansey Sand, and younger overlying surficial deposits. water temperature, specific conductance, and pH at these wells was a prerequisite for sample collection.
Ground-water samples were collected, processed, and preserved according to methods described in Brown and others (1970) , Goerlitz and Brown (1972), and Wood (1976) . Field measurements at wells included water temperature, specific conductance, pH, and alkalinity.
Stream samples were collected using standard surface-waterquality techniques as outlined by Guy and Norman (1970) .
The small size of the streams (instantaneous discharge ranged from 0.01 to 1.63 ftVs) enabled the collection of representative samples from a single point at the center of flow. Field measurements at these sites included water temperature, specific conductance, pH, alkalinity, dissolved oxygen, and instantaneous discharge .
Laboratory Analysis
The Ocean County Board of Health Laboratory in Toms River (County Laboratory), the New Jersey Department of Health Laboratory in Trenton (State Laboratory), and the U.S. Geological Survey National Water Quality Laboratory in Doraville, Georgia (U.S. Geological Survey Laboratory) analyzed the samples. Table 2 lists the detection limits for each laboratory.
The County Laboratory analyzed samples from 197 wells and all 7 of the surface-water sites. A quality-assurance program was conducted for this Laboratory based on the methods described by Friedman and Erdmann (1982) . The U.S. Geological Survey conducts a quality-assurance program for its own laboratory, and requires such a program when its analyses are made by a non-U.S. Geological Survey laboratory.
Cations other than ammonia were determined by direct aspiration using an Instrument Laboratories Model 551 atomic absorption spectrometer 1 , according to methods described by the U.S. Environmental Protection Agency (1979a).
U.S. Environmental Protection Agency methods were also used to determine ammonia, nitrite, and nitrate-plus-nitrite. Ammonia was determined using a distillation procedure, nitrite using a spectrophotometric method, and nitrate-plus-nitrite using the manual cadmium reduction spectrophotometric method.
Chloride, sulfate, phosphate, orthophosphate, and dissolved solids (residue on evaporation at 180°C) were determined using methods described by the American Public Health Association and others (1976) .
Chloride was determined by the mercuric nitrate 1 Use of a manufacturer' s or brand name fn this report Ts for identification purposes only and does not constitute endorsement by the U.S. Geological Survey.
method, sulfate by the turbidimetric method, phosphate by persulfate digestion followed by ascorbic acid colorimetry, and orthophosphate by ascorbic acid colorimetry.
Benzene, ethylbenzene, toluene, and xylenes were determined by the County Laboratory using a method similar to U.S. Environmental Protection Agency method 602 (Longbottom and Lichtenberg, 1982) . One modification was the omission of the second chromatographic column which is used for compound identification.
A second modification was the use of a flame ionization detector instead of a photometric ionization detector.
Because flame ionization detectors are less sensitive to aromatic hydrocarbons, the limit of detection for the four compounds was approximately 0.001 mg/L (See table 2.) rather than the 0.0002 mg/L given in method 602.
Xylene, not included in method 602, is an aromatic hydrocarbon which exists in three isomeric forms, but is reported as a single composite value by the Laboratory.
Samples from 42 wells were analyzed by the U.S. Geological Survey Laboratory according to procedures described by Skougstad and others (1979) . Samples from 11 of these wells were collected for volatile organic compound (VOC) analysis. The VOC scan was made using a gas chromatography-mass spectrometry method similar to that described in U.S. Environmental Protection Agency method 624 (Longbottom and Lichtenberg, 1982) . The 10 VOC's included in the scan were:
benzene, 1,1-dichloroethylene, 1,2-transdichloroethylene , tetrachloroethylene , toluene, 1,1,1-trichloroethane , trichloroethylene, chloroform, carbon tetrachloride, and methylene chloride.
The State Laboratory determined nitrite, nitrate-plus-nitrite, organic nitrogen-plus-ammonia, and orthophosphate in seven samples collected in June 1982.
These samples were analyzed accord-ing to the methods of the U.S. Environmental Protection Agency (1979a). The U.S. Geological Survey has a cooperative agreement with this Laboratory, and check samples are routinely submitted for quality assurance. Data-checking procedures described by Hem (1970) and Skougstad and others (1979) were used by the U.S. Geological Survey to verify the accuracy of chemical analyses.
These included calculations of cation-anion balance, ratio of dissolved solids to specific conductance, difference between dissolved solids and a calculated sum of constituents, and difference between field and laboratory values for specific conductance and pH.
WATER-QUALITY DATA Table 4 presents ground-water-quality analyses sorted by county and aquifer.
Water-quality analyses for the streams are given in table 5. Much of the nutrient and trace metal data in the tables is at or below the detection limit for the analytical method employed.
Accordingly, constituents not detected in a sample are reported at the value of the detection limit, preceded by a "less-than" symbol «) . Because of differences in detection limits (refer to table 2) , as many as three different "less-than" values may be reported in table 4 for the same constituent.
Iron concentrations in water from each aquifer were generally high and variable. Of the nine aquifers sampled, only the Vincentowfi and Englishtown had maximum iron concentations below 1.0 mg/L.
The U.S. Environmental Protection Agency (1979b) Secondary Drinking Water Standard for iron is 0.3 mg/L.
The highest dissolved iron concentration was 27 mg/L, measured in water from the Lakehurst Naval Air Station Well 15-57, (well 29-122) .
This well is screened in the Kirkwood-Cohansey aquifer system.
The highest dissolved iron concentration in a stream was 4.9 mg/L at Tunes Branch Tributary near Silverton (site SW-4).
The lowest dissolved iron concentration in a stream was 0.1 mg/L, at Gravelly Run near Greenville (site SW-1).
Lead was detected in eight wells. The highest concentration was 0.013 mg/L.
Lead determinations for these wells were made by the USGS Laboratory.
Because the County Laboratory's detection limit for lead was 0.1 mg/L, it is not known if any of the samples analyzed by this Laboratory exceeded the U.S. Environmental Protection Agency (1976) Primary Drinking Water Standard of 0.05 mg/L. Table 4 also lists analyses for selected VOCs in two general groups:
(1) the short VOC scan refers to the four compounds in the County Laboratory scan, (2) the long VOC scan refers to the ten compounds in the USGS Laboratory scan.
A VOC concentration higher than the detection limit was found in only 1 of the 11 wells analyzed in the long scan. This was benzene, detected at a concentration of 6.1 yg/L in water from the seldom-used Toms River Water Company Well 21 (well 29-58). A second sample confirmed 'the presence of benzene. Toms River Water Company conducted follow-up sampling and concluded that the trace concentrations of benzene in the water were due to leakage of lubricating oil from the pump (E. A. Hughmanic, Toms River Water Company, written commun., 1982) .
Of the 131 well-water samples examined for VOCs by the County Laboratory using the short scan, 6 had concentrations above the detection limit of 1 yg/L.
The compounds detected and their maximum concentrations were xylenes (12.5 yg/L), benzene (2.0 yg/L), and toluene (2.0 yg/L). Table 6 is a statistical summary of selected water-quality data for the Kirkwood-Cohansey aquifer system.
The range in concentration of constituents in water from this aquifer was wider than in water from the confined aquifers. Of the 162 Kirkwood-Cohansey wells sampled, Brick Township Well 5 (well 29-726) was highest in chloride (300 mg/L) and sodium (197 mg/L) concentration, and had the highest specific conductance (1030 micromhos/cm). This well is located near Forge Pond. Disko and others (1978) indicate that the flow of salty water into and out of Forge Pond with the tides is responsible for wide fluctuations in chloride levels in nearby wells screened in the water table aquifer. GLOSSARY Artesian m'eans confined and is used to describe a well in which the water level stands above the top of the aquifer, tapped by the well. A flowing artesian well is one in which the water level is above land surface.
Artesian aquifer is an aquifer containing water under sufficient pressure to rise above the top of the aquifer when penetrated by a well; also called confined aquifer.
Aquifer is a geologic formation, group of formations, or part of a formation that contains sufficient saturated permeable material to yield significant quantities of water to wells and springs.
Cubic foot per second (ftVs) is the rate of discharge representing a volume of one cubic foot passing a given point during one second and is equivalent to 7.48 gallons per second or 448.8 gallons per minute or 0.02832 cubic meters per second.
Confining bed is a body of relatively impermeable material stratigraphically adjacent to one or more aquifers. The hydraulic conductivity may range from nearly zero to some value distinctly lower than that of the aquifer.
Discharge is the volume of water (or more broadly, volume of fluid plus suspended sediment), that passes a given point within a given period of time.
Instantaneous discharge is the discharge at a particular instant of time .
Dissolved is that material in a representative water sample which passes through a 0.45 ym membrane filter. This is a convenient operational definition used by Federal agencies that collect water data. Determinations of "dissolved" constituents are made on subsamples of the filtrate. GLOSSARY--Continued Minimum detection limit, for a given type of sample and analytical procedure, is that concentration below which the presence of the constituent being analyzed cannot be verified. In this report the minimum detection limits are listed in table 2, and can be identified in tables M, 5 and 6 where a less than «) symbol precedes a value.
Nutrients, as used in this report, refer to one or more of the following water-quality constituents: ammonia, organic nitrogen plus ammonia, nitrite, nitrate-plus-nitrite, phosphorus, and orthophosphate.
Specific conductance is a measure of the ability of a water to conduct an electrical current, and is expressed in micromho per centimeter (microsiemens per centimeter) at 25°C.
Volatile organic compounds (VOC's) are a group of organic substances which can be stripped from a water sample via the injection of an inert gas prior to analysis by gas chromatography. By definition these compounds are less than two percent soluble in water and have boiling points below 150°C.
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